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Abstract – A magnetic susceptibility study was conducted 
on the short sedimentary cores from Lake Baikal and 
Lake Biwa.  The susceptibility increases with depth and 
reaches a rather stable value at a certain depth.  This 
saturation depth of susceptibility has the positive 
correlation with the water depth of the core site, which 
may have the relation with the hydraulic pressure on the 
lake sediment. The sequence of fluctuated susceptibility 
possibly related to the event at the Younger Dryas stage 
was found in Lake Baikal core. 
 
1. Introduction 
  Magnetic susceptibility measurement is recently used for 
the lake deposit to study the past sedimentary environment.  
In Lake Baikal, several studies (e.g. [1], [2], [3]) showed 
that the magnetic susceptibility changes clearly with depth, 
inversely relating with the variation of amount of diatom 
frustule and/or bio-SiO２(the indicator of paleoclimate).  
That is, high and low susceptibility corresponds to the 
sequence of  glacial period and the interglacial period, 
respectively.  The neutron activity analysis [4] shows that 
the susceptibility change is mainly due to the change in iron 
content.  Thus, the magnetic susceptibility can identify the 
change of sedimentary circumstance through the magnetic 
mineral in the sediment. 
  The anisotropy of magnetic susceptibility (AMS) is used 
as the sensitive method to know the fabric of rocks and 
sediments [5].  The AMS measurements can treat the block 
of sediment, so that it is non-destructive and useful to 
elucidate the paleodirection of sedimentary flow.  
  In this study, we are applying the above susceptibility 
measurements on the surface sediment of lake, to investigate 
the depositional property of lake sediment and/or the 
paleoenvironment.  The short cores obtained from Lake 
Baikal and Lake Biwa are used for the study. 
 
2. Sampling sites and cores 
2-1. Lake Baikal 
   At fourteen sites (marked M in Fig. 1a), the surface 
sediments of few tens cm length were drilled by the multiple 
coring system, in 1999 Vershagin cruise.  Studied area are 
the southern basin, the off Selenga river region, the 
Buguldeyka area, the central basin, the Academician Ridge 
and the northern basin of the lake.  At the site G6 of the off 
Selenga river region, the gravity core with the length of 
3.7m was also drilled.  The above fifteen cores and the 
gravity core Ver97 st6 in 1997 from Academician Ridge 
were investigated in this study.  Oriented samples were 
collected from the core by the plastic cubic boxes.  For the 
multiple short cores, the size of 1 cm cubic boxes were 
designed and used.  For the gravity core, the cubic boxes 
with 2 cm edge length were used. 
 
2-2. Lake Biwa 
   Five gravity cores (length of 50 to 70 cm) were drilled 
from the northern site of lake (Fig. 1b). Oriented samples 
were collected by the 1 cm cubic boxes.  The sampling 
sites and the description of core are shown in Table 1. 
 
Fig. 1. Sampling sites of Lake Baikal (a) and Lake Biwa (b).  
 
3. Experiments and apparatus 
   Magnetic susceptibility was measured by the Bartington 
MS-2 meter and the AGICO KLY-3 meter.  The latter 
apparatus with CS-3 and CS-3 optional meters was used also 
for the study of AMS and the temperature dependence of 
susceptibility. 
   For the AMS study, it is necessary to determine the north 
direction of core.  The cores having been rotated at the 
drilling, the horizontal rotation angle was corrected by 
referring the declination of remanent magnetization.  That 
is, the declination of AMS axis was measured from the 
remanent magnetization for the same sample.  The 
remanent magnetization was measured by the cryogenic 
magnetometer (2G Enterprise 760R). 
   The temperature dependence of susceptibility was 
studied to know the magnetic minerals in the sediment.  Fig. 
2 shows the examples of the experiments.  We can identify 
the clear change of susceptibility at around 120K (-150°) 
and 580°.  These temperatures might correspond to the 
Verwey point and the Curie temperatures of the magnetite 
  
Fig. 2. Temperature dependence of susceptibility at low 
temperature region (-200° to 0°) and at high temperature 
region (room temperature to 700°). High temperature feature 
was studied under the argon gas atmosphere. a: G6 3-65, b: 
T8 21. 
 
mineral, which indicates that the ferrimagnetic mineral 
(magnetite) is responsible for the susceptibility feature of the 
studied sediments.  
 
4. Anisotropy of magnetic susceptibility (AMS) 
4-1. Orientation of AMS 
   The direction of AMS axis is examined by the Schmidt 
equal area projection net.  Fig. 3 shows the Schmidt's net 
projection for Lake Biwa cores with the map of core sites.  
The minimum axes show the concentrated distribution close 
in the horizontal plane.  For most of the cores, the 
maximum axes seem to be perpendicular to the isobath of 
the lake.  In the cores T8 and T17 obtained nearby the 
 
Fig. 3. Schmidt equal area projection of AMS data for the 
cores in Lake Biwa. Each Schmidt projection of AMS data 
consists of the distribution of maximum, intermediate and 
minimum axes from few tens specimens.  
 
Fig. 4. Schmidt equal area projection of AMS data for the 
cores in Lake Baikal. 
 
mouth of large river, the AMS maximum axis is also 
concordant with the direction from the river to the core site. 
   Fig. 4 shows the AMS data of Lake Baikal cores in the 
Schmidt's net.  AMS maximum axes of cores M5, M6 and 
M7 are nearly perpendicular to the isobath of the lake.  For 
the cores M1, M5, M6 and M7, the maximum axes are 
almost concordant with the direction from the Selenga river 
to the core site.  The AMS distribution for Lake Biwa and 
Lake Baikal shows that the alignment of maximum axis may 
be effected by the sedimentary flow direction in the lake.  
   The minimum axes of the Lake Baikal cores show the 
concentrated distribution to the vertical direction, different 
from those of Lake Biwa cores concentrated nearly in the 
horizontal plane. 
  
4-2. Shape and magnitude of susceptibility anisotropy 
   The degree of shape anisotropy (oblate or prolate) in 
AMS ellipsoid is studied by Flinn-type diagram [6], which 
uses the ratio of anisotropy parameters, maximum / 
intermediate (Max/Int) and intermediate/minimum (Min/Int).  
The examples of Flinn-type diagram for Lake Baikal and 
Lake Biwa sediment are shown in Fig. 5.  In the figure, the 
area of high Max /Int indicates the prolate anisotropy and the 
high Int / Min shows the oblate anisotropy. 
The sediments of Lake Baikal cores have the oblate 
type AMS fabric.  The clear oblate fabric for Lake Baikal 
core is also obtained in the deeper sequence (300m length) 
of BDP96 core [3].  On the other hand, the sediments of 
  
 
Fig. 5. Flinn-type diagram showing the degree of shape 
anisotropy of susceptibility. Upper figures are the diagrams 
for the cores of Lake Biwa and lower figures are those for 
the Lake Baikal cores.  Max, Int and Min represents the 
AMS axis of the maximum, intermediate and minimum, 
respectively. 
Lake Biwa core do not show the clear oblate AMS. 
   The results in 4.1 and 4.2 indicate that the sediments of 
two lakes (Lake Baikal and Lake Biwa) are different in the 
AMS fabric and its directional feature.  It may be caused by 
the difference of sedimentary circumstance between two 
lakes, where the water depth of drilling site may have 
effected.  That is, the cores of Lake Baikal were drilled at 
the water depth of 200m to 1600m, which is fairly deeper 
than the water depth of few tens m for the Lake Biwa core 
sites.  Being the deep water depth, the sediment of Lake 
Baikal may be deposited in the rather quiet condition and the 
AMS is oblate fabric with the minimum axis directing 
almost vertical.  On the other hand, the sediment of Lake 
Biwa being deposited in the rather shallow water depth, is 
effected by the current flow, so that the AMS has not the 
oblate feature and also the minimum axis apart from vertical 
line.5. Saturation depth of susceptibility. 
   In the studied cores, the susceptibility change with depth 
shows the increase at the shallow region, and reaches a 
stable value at a certain depth (Fig. 6a).  We determined the 
saturation depths of susceptibility for the cores, and plotted 
them with the water depth of core sites in Fig. 6b.  
 The saturation depth of susceptibility has the positive 
correlation with the water depth, which suggests that the 
hydraulic pressure on the lake sediment may effect the 
saturation depth of susceptibility. 
   The remanent magnetization intensity with depth also 
shows the saturation feature at the depth between 5 and 15 
cm in the core, however it has no positive correlation with 
 
Fig. 6a: The change of susceptibility with water depth for 
the site T13 of Lake Biwa. 6b: The saturation depth of 
susceptibility with water depth of each site. Data from the 
sites of Lake Baikal and Lake Biwa are combined. 
 
   
Fig. 7. Variation of susceptibility parameters with depth for 
Ver99 G6 core. a: susceptibility, b: shape anisotropy factor 
(Max/Int-Int/Min), c:degree of anisotropy ((Max-Min)/Int). 
 
Fig. 8. Radiocarbon ages at five depths for Ver99 G6 core.  
The data are also shown in Table 2. 
 
the water depth of the core site.  The saturation depth of 
remanent intensity may be connected with the acquisition 
(fixed) depth of remanent magnetization in the sediments for 
these two lakes [7]. 
 
6. Susceptibility variation of two gravity cores from Lake  
Baikal 
   Fig. 7 shows the variation of susceptibility parameters 
with depth for the Ver99 G6 core drilled at the site off 
Selenga river.  The large fluctuation of susceptibility and/or 
the anisotropy parameter appears around 120-140 m. 
 
Radiocarbon dating (Fig. 8, Table 2) shows that the age of 
this region is 10 to 13 kyrs B.P., which corresponds to the 
age of the Younger Dryas stage (10 to 13 kyrs B.P.). 
The susceptibility of the Ver97 st.6 core from 
Academician Ridge also shows the clear change around the 
Younger Dryas age (Fig. 9).  Relating to the 
paleoenvironmental change at the Younger Dryas age, the 
distinctive transportation event of sediments may have 
occurred in Lake Baikal (at least around G6 site and 
Academician Ridge).  
Fig. 10 shows the susceptibility change of Ver97 st.6 
core with age.  In the figure, the change of mean grain size  
and the change of δO18 studied from the deep sea [8] are 
also shown.  The change of susceptibility and the mean 
grain size from Lake Baikal corresponds to the δO18 change, 
both suggesting the change of glacial - interglacial stage. 
Around the sequence from interglacial to glacial stage, the 
change of susceptibility and the mean grain size seems to 
have occurred abruptly compared with the change of δO18.  
It suggests that the climate change around the boundary 
from interglacial to glacial stage occurred drastically in the 




   Magnetic susceptibility analyses were applied on the 
short sedimentary cores from Lake Baikal and Lake Biwa. 
   AMS property of the short cores (the length of few tens 
cm) was compared between the cores of two lakes.  Lake 
Baikal cores show the oblate AMS fabric with the minimum 
axis along the vertical line, while Lake Biwa cores have the 
minimum axes concentrating close in the horizontal plane 
and the oblate fabric is not clear.  The difference of AMS 
feature may be related to the sedimentary environment, such 
as the water depth of the core sites.  That is, the water 
depth of core sites for Lake Baikal is 200-1600m, which is 
quite deeper than that of Lake Biwa of few tens m. 
   The susceptibility of these short cores show the increase 
with depth at the shallow region, and comes to a rather 
stable susceptibility at a certain depth.  This saturation 
depth of susceptibility has the positive correlation with the 
  
Fig. 9. The change of susceptibility plotted with the 
estimated age using radiocarbon ages.  a: the data of Ver99 
G6 core (off the Selenga river) .b: the data of Ver97 st.6 core 
(Academician Ridge). 
 
Fig. 10. a: The susceptibility change of Ver97 st.6 core with 
age, b: the change of mean grain size from Ver97 st.6 core, 
c: the change of δO18 from the deep sea core [8]. 
 
water depth of the core site, which may be related to the 
hydraulic pressure that the lake sediment has suffered. 
   Susceptibility variation of Ver99 G6 gravity core from 
the off Selenga river region (Lake Baikal) shows the large 
fluctuation in the sequence with the age of 10 to 13 kyrs B.P, 
which may be possibly related to the event at the Younger 
Dryas stage.  The susceptibility variation of the core Ver97 
st.6 from the Academician Ridge also suggests the 
characteristic change around this age.  There may have 
occurred a distinctive transportation event of sediments in 
the broad area of Lake Baikal at the Younger Dryas age.  
   The susceptibility variation of Ver97 st.6 core was 
compared with that of δO18 studied from the deep sea 
sediment (Martinson et al., 1987).  These two parameters 
are almost concordant in the variation with age, however the 
susceptibility shows the abrupt change around the boundary 
sequence from interglacial to glacial stage.  It suggests that 
the climate change around the interglacial to glacial stage 
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